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Potentiometer tames current-feedback op amp 

Leslie Green, Gould-Nicolet Technologies, Ilford, Essex, UK 
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HE CIROTIT IN Pigure la indinks a 
potentiometer in series witll I 
the inverting input of a cur- L . 
rent-feedback op amp. With a voUage- 
feedback op amp, a potentiometer in se- 
ries with the inverting input would serve 
no useful function. However, with a cur- 
rent-feedback amplifier, the potentiome- 
ter controls the bandwidth without 
changing the gain. The function of this 
poiaitiometer is similar to a capacitor, 
Cj, in paiajlel with the feedback resistor 
of a voltage-feetlback op amp (Figure 
lb). 

In Figure la, feedback resistor Rj 
strongly govirns the bandwidth and 
plllS£-J-esp©nsfe characteristics of the cur- 
rent-feedback amplifier. H cwevcr, chang- 
ing R| also changes the gain. Thus, you 
have to change both and R^ to adjust 
the pulse response while keeping the gain 
constant, which makes the design con- 
sld€rably difficult to adjust. The inclusion 
of the potentiometer allows you to adjust 
the pulse response independently of the 
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A potentiometer, R^, allows you to adjust the bandwidth of a current-feedback op amp without 
changing the gain (a). R, performs the same bandwidth-control function as C, does for a voltage- 
feedbAdt op amp <b). 



gain, which make* th« petentiom«tfr a 
useful control, 

Cnrrfent-fecdback amplifiers are avrail- 
able with closed-loop bandwidths much 
greater than 500 MHz, and they oscillate 
or give poor pulse responses if you wire 
them with 2-in. leads on all components 
and fai! to use proper decoupling. You 
need skill to properly lay out these de- 
vices. However, using normal UHF cir- 
cuit skills and the trick in Figure la, you 
caji easily control these devices. 

A typical value for the feedback resis- 
tor when using a current-feedback am- 
plifier is approximately 150 to 900il. The 
nominal value of the potactttemtter, f.,, 

is 50 to soon. 

If you look at the manufacturers' spec- 
ified time-domain, or pulse, response of 
current-feedback amplifiers, you may feel 
that the response is not flat enough for 
your application. Some data sheets show 
poor figures fcr overshoot and ringing. 
Hflwevsir, tmng tiginre cfcco'ii, yxtm 



can tune the response of the amplifier 
withka a system to give acceptable per- 
forTrrance. Yon cnn also put a capacitor 
across to modify the response of the 
amplifier. These modifications are some- 
times necessary to get the best response 
from an amplifier of a system. It is also 
not unusual to have to conxct for ain er- 
ror that occurs in another stage. 

The main signal path of an oscillo- 
scope is a demanding application for an 
op arop due to the requirement for high 
bandwidth and excellent pulse response. 
However, the scheme in Figure la was 
useful in the design of the main ADC 
buffer amplifier of the 150-MHz Gcmld 
DataSYS 840 DSO. The design uses an 
HFA1130 current-feedback op amp and 
an Rj value of lOOil to adjust the overall 
bandwidth of the oscilloscope. (DI 
#2924) 

To Voti FoK This Dfiiiew. 
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Cable finder seeks out wait conduits 

Luis Miguel Brugamks and Manuel Ramdn, 

Sin SAti&nm y Redes Ti^kmdtiesi, Tres Cantos^ Madrid, Spain 



W'HEN YOU DEBUG home elcctrical 
wiring, a tool that determines the 
location of cable conduits comes 
in hmdf, especially when problems arise. 
Some tools, such as nylon or glass fiber 
guides, contain small magnets and com- 
passes that act as sensor elements. These 
short-range systems are useful for brick 
walls, but not fot other %va!l-mounting 
systems that include iron elements. Some 
electronic aid would be helpful. 

The circuit in Figure 1 uses an anten- 
na in the wall conduit and a receiver to 
locate a cable conduit. The combination 
can accurately locate the antenna place- 
ment. The simplest and cheapest ap- 
proach is to use a portable AM radio, 
which includes a ferrite antenna with ex- 
e«if«it -dinectiviry and sufficient range of 
a few centimeters for good resolution. 

The circuit uses a relaxation oscillator 
with an adjustable frequency to apply 
current pulses to a twisted-pair cable. 
This osdBafoT has the AM^broadeast 
range of 530 to 1600 kHz. A lower fre- 
quency oscillator switches these pulses on 
and off. The envelope detectors of AM ra- 
dios can easily detect the pulses. Howev- 



er, the circuit requires an additional re- 
finement because pure tones are un- 
pleasant. Thus, some modulation is nec- 
essary. This circuit allows for dmf Wfles, 
such as a police siren, or sweeping tones, 
such as an ambulance siren, using a 
switch. The circuit provides dual-tone 
operation using a bipolar transistor that 
shorts a capacitor on and off in the ca- 
pacitive section of the oscillator path. The 
sweeping tone is a mixed AM/FM format 
that the circuit produces by biasing the 
relaxation oscillator with a triangular sig- 
nal from a lower frequency oscillator. 
This bias changes the threshold level of 
the modulating tone, which produces 
modulation of the fundamental frequen- 
cy and the aspect ratio of the output. 

A ffgulated power source biases the os- 
cillator section to minimize the high-fre- 
quency oscillator's voltage sensitivity. A 
current source, which is insensitive to 
supply voltage, controls the final stage. 
This control, instead of a direct connec- 
tion to the supply voltage, provides some 
protection in the event of a short circuit 
and provides similar output independ- 
ently of the antenna resistance. The LED, 



which the circuit uses as a voltage refer- 
ence, also indicates circuit activity. The 
supply voltage can vary from 7 to 1 2V or 
higher if you take care of the BDl 40 fm«- 
sistor's dissipation requirements. 

To use the circuit, switch on an AM re- 
ceiver and find a position without broad- 
cast stations. Place the receiver close to 
the generator, switch on the circuit, and 
adjust the variable resistor until the tone 
is audible. Move the receiver to find the 
direction of better sensitivity. Then, use 
the radio receiver to find where the tAvist- 
ed-pair cable goes. 

Beware that this circuit produces EMI 
not only in the AM-broadcast range, but 
also over a wide frequency range due to 
the high harmonic content of the gener- 
ated signals. The use of twisted-pafr ca- 
ble reduces the amount of interference in 
the far-field region. Therefore, use the 
circuit cautiously, and disconnect the cir- 
cuit as soon as you locate the cable, (DI 
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Electronic transformer dims halogen lamp 



Flfiirt 2 



Robert Magdziak, Warsaw, Poland 



ATYPICAL, SWITCHED-MODE pOWCr 
supply for a halogen lamp, com- 
monly known as an electronic trans- 
former, is a clever and simple device. 
However, it has some limitations, such as 
its iiiability to dim the lamp. Figure 1 
shows a simplified schematic of a typical 
low-voltage halogen-lamp transformer 
without the protection circuits 
and EMI filter. Q, and Q, with 
aiid Cj comprise a classic, half-bridge 
topology that works in self-oscil|ating 
mode. The circuit provides positive feed- 
back by placing the primary windings of 
transformer in series with the bridge 
ourpnt. To achieve a high power-factor 
value, a rectified but unfiltered mains 
voltage supplies power to the cir- 
cuit. The working frequency iaj|f- 
proximately 30 to 40 kHz. 

Hiii simpfc circuit ckses not allow for 
correctly and conveniently dimming the 
lamp because any attempts to manipulate 
the time constant of the R/C^ start-up 
circuit worsen the power factor. A possi- 
ble solution that involves making taps in 
the primary winding of transforoier is 
neither elegant nor convenient. 

The circuit in Figure 2 provides a way 
to dim the lamp. In this circuit, a popu- 
lar PWM IC controls a modified buck 
regulator. One modification is a change 
in the position of Q^, which lets you con- 
trol the regulator without using a pulse 
transformer, for example. A second mod- 
ification significantly reduces the capac- 
ity 0^ C| because the circuit should act 
similarly to an autotransformer to keep a 
high power factor. Therefore, the rectified | 
mains voltage powers the regula- 
tor, which sits behind the bridge 




A typical low-voltage halogen-lamp transformer provides no lamp-dimming capability. 
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rectifier. The regulator produces the same 
output-voltage shape but of lower and 
regulated amplitude. Cj has a low value, 
so, in conjunction with L^, Cj removes 
any switching products from the output 
voltage without filtering out 100- Hz tip- 
ples of the mains voltage. 

Thus, the circuit is halfway between a 
buck regulator and a current source feed- 
ing an H-bridge converter. Using a clas- 
sic current source to feed the bridge con- 




To keep the UC3842 IC running requires extra power to 
which secondary udaffiif^ tt T, ani a' bildfe' mMst 



verter would be inconvenient be- 
cause of the lamp power supply's 
sel^-oscillating mode and variable 
switching frequency. 

Changing the duty cycle of Q^'s 
pulses accomplishes the lamp 
dimming. You can use any one of 
many integrated PWM eon- 
trollers to control the switching 
of Qj. The only important point 
is that the PWM IC needs to work 
with the maximum pulse duty 
cyde, which is important if you 
waBt to keep th&brightness df ^ 
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halag® lamp close to maximal. The pro- 
totype uses a cheap controller, the 
UC3842, vihkh operates in voltage mode 
because of IdM prtteatse ■of- 1^ 
divider. 

To operate the circuit, you need to sup- 
ply the controller. On power-up, 
charges through R, and R^, which starts 
the switching. To keep the controller 
running requires extra power to C^. The 



additional, secondary windings on T^ 
and the bridge rectifier support this func- 
tion (Figure 3). Unfortunately, the core 
choke, Lj, can have no secondary wind- 
ings because those windings can't sup- 
ply enough power to the controller un- 
der maximum-duty-cycle conditions. 

After adding an EM! filter and bridge 
rectifier to the regulator input, the circuit 
can work in stand-alone mode. With the 



circuit in this mode, you can connect to 
the output more than a few parallel 
ready-made dectronic transformers 
without making any changes. In such a 
case, you need to recalculate the values 
and types of power components accord- 
ing to iJbt power load. (DI #2525) 
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Low-cost, programmable oscillator 
operates at 2 GHz 

A Navarro, MRostami and J H Mates, Institute de TekcomunicagQeSy 
Metro Uf%iymisky^ Portugal 



ALt wiREtEss COMMUNICATION Sys- 
tems need a local oscillator. Figure 
1 shows a low-cost PLL circuit for 
the 2-GHz band for such applications as 
industrial, scientific, and medical (ISM) 
at^d satellite personal-communication 
systems (S-PCS). The central IC in the 
circuit is the LMX2325 (National Semi- 
canductor, www.national.com) frequen- 
cy synthesizer, which features RF opsift- 
tion ro 2.5 GHz. This IC incorporates an 
N-programmable divider and a phase 
comparator. The JTOS-3000P (Mini-Cir- 
cuits) VCO constrains the oscillation fre- 
quency to 2.3 to 2.5 GHz. The VCO's tun- 
ing-voltage range of to 5V is compatible 
with the internal charge-pump DO out- 
put of the LMX2325. The COP8SAA7 [jlC 



programs the synthesizer's internal regis- 
ters. You can calculate the register values 
using the program LMX2325.EXE (Na- 
tional Semiconductor). The values de- 
pend on the desired oscillation frequen- 
cy, the external crystal, and the 
reference- frequency values. R;, Cj, and C^ 
implement a second-order loop filter, and 
you can determine the component values 
using the LOOPFILTEXE (National 
Semiconductor) program. The values de- 
pend mainly on the oscillation frequen- 
cy and the VCO tuning sensitivity. 

Rj, R3, R^, and L, form a T-network. 
The design in Figure 1 assumes that a 
soft load C€5Dr>eca to «c-coupling capac- 
itor C^. Tfce T-s«£tion mstdm tbe sya- 
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thesizer pin's input reactive imped- 
ance of 40-jco to the 50X1 output imped- 
ance of the VCO s RF OUT pin and out- 
put load. If f is the oscillation frequency 
in hertz, X is approximately equal to 
('-36X10-»)f+I62. Th<refoK, th.e fol- 
lowing inductor vaioe fofL, ^uod* tfee 
reactance: 



You must place the matching network 
component close to each other on thef>c 
board. A power supply with good regu- 
lation characteristics is necessary, and, 
therefore, you sto'wld WSe a 7803 IC Sa 
the pc board. 

A prototype of Figure I 's circuit oper- 
ating at f=2.45 GHz has an output pow- 
er of 7 dBm and a phase noise of -75 
dBc/Hz at a lO-kHz offset. You can 
download the source program for the p,C 
from EDM's Web site, www.ednmag.com. 
Click on "Search Databases" and then en- 
ter the Software Center to download the 
file for Design Idea #2526. You can then 
use the previously mentioned support 
software (www.national.com/copB/) Of 
use the .hex file, (DI #2526} 



kn UIIX2XI5 ftreqimcy-syntbesizer IC, a JTOS-3000P VCO, aod a. COP8$AA7 |jX cr^ite « towxco^ 
(HUgminiddfl osdlUw for 2^:ii wif^ 
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Ring-tone generator uses tiigh-d filter 



Jonathan Celani, Linear Technology Corp, Milpitas, CA 



MODERN TELEPHONE applications 
need to generate a high-voltage 
sine wave to use as a ring-tone sig- 
nal. Several fanmiUar design alternatives 
generally involve either an IC-controlled 
flyback-type scheme or a ringer-module- 
"brick" approach. Unfortunately, module 
approaches are expensive, and flyback 
drcn'its are geticrally complicated and 
have inherent harmonic-suppression is- 
sues. The design parameters of both these 
approaches are generally fixed and ©ffief 
little flexibility for users. 

A simple yet effective method for pro- 
ducing a high-quality sine wave is to place 
a high-Q bandpass filter in a positive- 
feedback loop with a hard-limited gain 
element. This scheme produces a sine 
mpee at the bandpass frequency, co,^, at the 
filter output. This signal drives the input 
of the hard-limiter, which produces a 
square wave at the same frequency. Lim- 
iting voltage levels control the amplitude 
of this square wave. The limiter's output 
feeds back to the input of the bandpass 
filter, which completes the loop. The 
owsfiH drcaitpfcAia*' « fflue w»ve # fm- 



quency with an amplitude that cor- 
responds to the filter gain, |Hq), times the 
amplitude of the fundamental compo- 
neot of the square wave. This type of cir- 
cuit is easy to produce using a couple of 
inexpensive ICs. The trick, however, is 
translating the IC-generated sine wave 
into a high-voltage signal suitable for 
ringfng telepfiones. 

The ring-tone generator in Figure 1 
configures an active-filter IC, the LT1684, 
as a high-gain, high-Q bandpass filter in 
a positive-feedback loop with a con- 
troUed-output comparator. This config- 
uration produces a high-voltage, high- 
quality sine wave at the filter output. You 
can adjust amplitude and frequency 
characteristics by simply changing a few 
resistor values. The output of the LT1684 
is internally current-limited to a mini- 
mum of ±100 mA, so load capacity is 
variable based on programmed peak- 
output amplitude. The LT1684 employs 
an active-tracking supply technique that 
provides a versatile and simple approach 
to the ring-tone problem. This technique 
c«ipi3»e» rwa Mgft-vflfttp MOSFIT 



source-followers that provide power for 
the IC. The MOSFETs function as pow- 
er-supply level-shifters, bootstrapping 
the supply ptns of the IC about the out- 
put of the active filter element. This 
scheme effectively suspends the IC be- 
tween the MOSFETs, allowing the IC to 
output a voltage far exceeding its own 
suppHes. The voltages across the MOS- 
FETs themselves are the only limit to the 
IC s output-vohage capability. This sup- 
ply-bootstrapping technique enables lin- 
ear generation of a high-voltage output 
signal and takes advantage of the intipm- 
sic supply-noise immunity of a linear 
amplifier, reducing the need for large 
high-voltage filtering elements. 

The ring-tone generator's hard-limit- 
ed gain element uses the LTl684's con- 
trolled-output receiver/ buffer to limit 
the output of a comparator. The circuit 
bootstraps an LT1017 dual-comparator 
IC along with the LTl 684 to provide volt- 
age gain and to- provide the dtfecBtinl 
control signals that the LT1684 mcepml 
buffer needs. 
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a basic single-amplifier, multiple-feed 
hack configuration using R^, R^, 
Rj, C|, and C,. However, the ac- 
tive-tracking supply technique of the 
LT1684 requires some modifications to 
the standard topology (Figure 2a). The 
modifications includie swapping the am- 
plifier's signal polarity, referencing all sig- 
nals to the output, and referencing all 
feedback elements to ground. Figure 2b 
shows the modified multiple-feedback 
ti4ndp3ss filter. The transformed multi- 
ple-feedback bandpass-filter design il 
equations are the same as those of a stan- 
dard topology. If both capacitors are the 
same value (C^ — CJ, the design equa- 
Hsm liat 4efiae the filter roiaor ttiues 
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As a design example, consider that you 
want to construct a ringer circuit that 
yields a sine wave with a peak amplitude 
of 95V load capability), a ring 

frequency of 20 Hz, and a bandpass Q of 
9.4. A square wave with peak amplitude 
A 'hM a ftaadiBiental eofnpimeEU witii m 



amplitude of 4A/'n". This value corre- 
sponds to an LT1684 buffer/receiver out- 
put, v^fhich has a limit of ± 1.25V. Thus, 
A = 1 .25V. Now, the disked filte t bmd- 
pass gain is 



95 



(4*1.25/Jt) 



■ 60. 



Given capacitor values of 0.22 jxP, 
Q-f4, |Hgi»iO. niid ain='2TT<20 Hi), 
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A dc-to-ring-tone converter combines the circuit from Figure 1 with a high-voltage power supply. 
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you can calculate R| = 5.6 kfl, Rj=2.7 
kfl, and R3=680 kfi. 

You can describe many telephone- 
ringer modules as dc-to-ring-tone con- 
verters. A dc power supply provides pow- 
er, and the output is a high-voltage sine 
wave. Most of these modules also offer 
ground-path isolation between the sup- 
ply input and the ring-tone output. You 
can construct a circuit that mimics these 
attributes by coupHng an isolated, liigh- 
Toltage, dual-output power supply with 



the LT1684/LT1017 resonajnt ringer cir- 
cuit of Figare 1. 

Due to the ripple rejection inherent in 
an op amp, the power supply requires lit- 
tle output filtering. Thus, you can use a 
relatively sinrple supply. The ringer cir- 
cuit generates a supply load that is un- 
balanced, however, because the circuit 
imposes the low-frequency ring signal 
across the system load. Thus, the supply 
must have welJ-controlled cross-regttla* 
tian to prevent g3ffie$sjve output-voltage 



variations during normal operation, The 
dc-to^ring-fone-convtrter circuit in Fig- 
ure 3 uses a high-voltage power supply 
built around ICj. This supply uses a dual- 
feedback scheme that regulates on the 
loaded output and uses capacitor-cou- 
pled secondary windings to limit the 
voltage excursion* al th«,*Jipf5l7 ©atpHtS. 
(DI #2527) 
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Simple circuit produces a less-than-25-nsec pulse 

Andy Erandenberger, National Instruments, Austin, TX 



IK MANY TESTING situations, a circuit 
that can produce a short pulse is use- 
ful. You can use a short pulse to test 
tri^Cf or interrupt-pulse-width require- 
m.eiit5 and to mimic glitches or noise on 
inputs, for example. In some cases, short 
pulses with long delays between them are 
desirable. For these cases, a function gen- 



I 



j~ Figure I 



erator is inadequate because you can 
reduce the duty cycle low enough to 
produce low-nanosecond pulse widths 
only at relatively high frequencies. Al- 
though purely analog circuits can gener- 
ate short pulses, input and output load- 
ing and buffering propagation delays 
create problems with interfacing them 
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to TTL-compadble circuitry. 

The circuit in Figure 1 uses two one- 
shot timers and a D flip-flop to create a 
short, TTL-compatible positive pulse 
when triggered with a TTL-compatible 
positive edge. Because th« cirtuit is pos- 
itive-edge-triggered, the only require- 
ment for the duty cycle of the triggering 
device is that it meets the minimum in- 
put pulse width for the one-shot timers, 
which is 40 nsec for the 74LS123, IC,, 

ICjg provides a fixed pulse width of ap- 
proximately 150 nsec. Via R,, IC,^^ pro- 
vides a variable pulse width of 150 to 
1000 nsec. A positive pulse at Input A 
triggers each timer. This trigger inacti- 
vates ICj^'s CLR input and makes its CK 
signal low. When IC^g times out, its pos- 
itive-going edge clocks the logic 1 on the 
D iaput of ICj^ to Output B. When IC, ^ 
times out, it s output clears the Q output 
of IC^,^, taking Output B low. Thus, you 
can express the pulse width at Output B 
as follows: Pulse width of IC,,^ = pul»e 
width of IC,^- pulse width of IC,,. 

The output pulse width for this circuit 
is variable from approximately 5 to 850 
nsec. You can produce a shorter pulse 
width by using faster logic. The circuit 
also allows for easy modification should 
ne^Uve trigger inputs, output pulses, or 
botik be MftcessBry. (Di tl52M} 
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multiplexes six digital potentiometers 

Ted Salazar, Maxim Integrated Products, Sunnyvale, CA 



I 



N Figure I's circuit, a jxC 
lets you adjust as many as six 
digital potentiometers. Like 
mechanical potentiometers, dig- 
ital potentiometers can adjust 
regulator outputs or speaker vol- 
wnws and act «s rheostats. Avail- 
able in resistances of 50, 100, and 
200 kV, they let you throw away 
your mechanical potentiometers 
and the little flat-headed screw- 
drfvers thirgo with them. 

A WP switch, two pushbutton 
switches, and IC^'s |xC control 
the six digital potentiometers, 
IC„ through IC. in the circuit. All 
of the potentiameteri have a 
nominal end-to-end tempera- 
ture coefficient of resistance of 
50 ppm/°C. At power-up, each 
potentiometer assumes its midrange val- 
wi »f resi*tiirict. Basil wipef c&nJHKto to 
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TABLE]- mmmmmL 


A, 
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Operation 


(1 









1 


Deoement selected potentiometer 







Increment $ele4«d fK>tenttgmeter 



one of 32 equally spaced taps along the 
per fe*btta<;« betw^ the H and 



L terminals for that potentiometer. 

Of the 13 UO ports on iq, Port 
A (A^ through A^^), comprises the 
inputs. Port B (B^ through B^) com- 
prises the outputs. To operate this 
manually controlled digital system, 
you select the desired potentiome- 
ter by setting a code via the DIP 
switches (Table 1) and then incre- 
ment or decrement the poten- 
tiometer via pushbutton switches 
that connect toA^ and A^ (Table!). 
You can obtain the |jlC's assembly- 
(anguage program from EDM's Web 
site, www.ednmag.com. Click on 
"Search Databases" and then enter 
the Software Center to download 
the file for DcMge Idea #252S. (DI 
#2529) 
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